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1. Introduction 
Thyroid hormones stimulate oxidative metabolism in many tissues in the body, however, 
testis is not one of them. Therefore, in this sense, testis is not considered as a target organ for 
thyroid hormones. However, recent findings clearly show that thyroid hormones have 
important functions on the testis development during neonatal-prepubertal life. Testis is an 
exocrine organ because it produces sperm and it is also an endocrine organ, because it 
produces hormones. In this chapter, general organization of the adult mammalian testis is 
first described to understand the organization of the adult testis. Thereafter, the general 
organization of the mammalian testis at birth is described, followed by  how the neonatal-
prepubertal hypothyroidism affects the testis development during this period, 
Esbablishment of the Sertoli and Leydig cell numbers in the adult testis during the neonatal-
prepubertal life, is critical to the general maintenance and reproductive functions of the 
adult mammalian male; thyroid hormones play a crucial role in these processes. The effects 
of hypothyroidism on neonatal-prepubertal testis are discussed in this chapter using the 
observations generated with rodent models, focusing on testicular  testosterone secretory 
capacity and sperm production, which are an essential function to the male mammal.  
The hormone testosterone is essential for the mammalian male for maintenance and proper 
functioning of many organ systems  of the body such as muscle, bone and skin, in addition 
to its requirement for the reproductive function.  Leydig cells in the testis are the primary 
source of testosterone in the male mammal. There are two populations of Leydig cells in 
mammals studied to date; fetal and adult Leydig cell populations. Fetal  Leydig cells are 
differentiated during the fetal life and are still present at birth. However, the adult 
population of Leydig cells differentiate postnatally from the mesenchymal stem cells in the 
testis to establish the adult population Leydig cells of the sexually mature testes; they are the 
main source of testosterone during adult life.  Therefore, establishing the adult population 
of Leydig cells in the postnatal  testis, which occurs during the neonatal-prepbertal life, is an 
essential process in the mammalian testis for the well being of the adult mammalian male. 
Research with several rodent species has shown that Leydig stem cell differentiation in the 
postnatal testis is arrested with hypothyroidism, but can be stimulated by supplementation 
with thyroid hormones. Transient neonatal  hypothyroidism causes larger testis at 
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adulthood, although the process of Leydig cell differentiation is arrested during the period 
of hypothyroidism. Differentiated Leydig cells in these animals after the hypothyroid period  
is withdrawn, are smaller in size but two-fold in number compared to the euthyroid 
animals. Therefore, the fertility and circulating testosterone levels in these transiently 
neonatal animals at adulthood are similar to euthyroid animals. Under hypothyroid 
conditions during the neonatal -prepubertal period, fetal Leydig cells continue to function 
normally with no change in their testicular testosterone secretory capacity, although the 
postnatal differentiation of adult population of Leydig cells are absent. However, 
prolonging the hypothyroid condition beyond the neonatal-prepubertal period fails to 
maintain the fetal population of Leydig cells; they undergo cell atrophy and loose their 
testosterone secretory capacity, in addition to the arrest in differentiation of adult 
population of Leydig cells. During the hypothyroid period, in the neonatal-prepubertal 
animals, Sertoli cells in the seminiferous tubules fail to mature, but continue to proliferate. 
When the hypothyroid status is withdrawn, these Sertoli cells mature and are now greater in 
number per testis compared to a euthyroid testis, because they were subjected to prolonged 
proliferative period because of hypothyroidism.  Because of this reason, testes of transiently 
hypothyroid animals become larger in volume and weight at adulthood and produce 
greater numbers of sperm compared to the control animals.  
These studies have revealed the importance of thyroid hormone for postnatal testis 
development in the mammalian testis.  
2. Thyroid hormones 
J.F. Gudernatsch (1912) provided the first evidence for thyroid hormones and their task in 
cellular differentiation. It is established now that thyroxine (T4) and triiodothyronine (T3) are 
produced by the thyroid gland and triiodothyronine is at least five times more potent than 
thyroxin. The most characteristic effect of thyroid hormones  is their ability to stimulate 
oxidative metabolism in tissues in the body. However, in this sense, testis is not considered 
as a target organ for these hormones. Thyroid hormone secretion is regulated by the thyroid 
hormone releasing hormone and the thyroid stimulating hormone  from the hypothalamus 
and the anterior  pituitary, respectively.   
3. General organization of the adult mammalian testis 
Testes produce sperm for reproductive function and androgens (male hormones) which are 
necessary for general maintenance of many organ systems in the male and the reproductive 
function which includes libido. Testis has two compartments. The tubular compartment or 
the seminiferous tubules and the testis interstitium which lies out side of the tubular 
compartment (Figure 1). As stated earlier testis has exocrine and endocrine functions. 
Seminiferous tubules are comprised of Sertoli cells and germ cells (Figure 1). The testis 
interstitium has Leydig cells, which are the primary source of androgens (male hormones) of 
the adult mammalian male, the blood vessels, lymphatics, and many other cell types (Figure 
1), such as fibroblasts, macrophages and plasma cells. Testes are encapsulated by three 
distinct layers; the innermost tunica vasculosa, the outer most tunica vaginalis and the 
tunica albuginea is in the middle. All of these are structures are suspended in the scrotum in 
many mammalian species (Davis et al., 1970). 
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3.1 Seminiferous tubules 
The seminiferous tubules are of two kinds, the convoluted seminiferous tubules, which have 
Sertoli and germ cells, and the straight seminiferous tubules, which  are continuous with the 
rete testis (Banks,1986). Rete testis is connected with the efferent ducts and  continuous with 
the epididymis, which is continuous with the ductus deference/vas deference that is 
connected to the male urethra which leads to the external orifice of the penis. In this review, 
only the structural organization of the convoluted seminiferous tubules and the Leydig cells 
are described, because of the relevancy to the title of this chapter, 
Convoluted seminiferous tubules. comprise approximately 90-92% of the volume of the 
adult testicular parenchyma in mammalian species studied to date (Mendis-Handagama et 
1987, 1988, 1990). Beyond this point, convoluted seminiferous tubules will be referred to as 
seminiferous tubules throughout this chapter. Each seminiferous tubule is separated from 
the testis interstitum by a well defined basement membrane (Figure 1). Sertoli cells (Figure 
1), first described by Sertoli  in 1865, reside on the basement membrane of each seminiferous 
tubule and extend from the basement membrane to the lumen of the seminiferous tubules. 
Different stages of male germ cells are found in the seminiferous tubules (Figure 1); 
spermatogonia, primary spermatocytes, secondary spermatocytes, round apermatids and 
elongated spermatids. Sertoli cells together with the germ cells form the seminiferous 
epithelium, which is a stratified epithelium. In addition to the Setoli cells, spermatogonia 
(stem cells for male germ cells) are also reside on the basement membrane of the 
seminiferous tubules. All the other germ cells are attached to the Sertoli cells with their 
differentiation and maturation and move towards the lumen. Sertoli cells, spermatogonia 
and primary spermatocytes are diploid cells and secondary spermatids, round spermatids 
and elongated spermatids are haploid cells. 
Sertoli cells provide seminiferous tubular integrity. Moreover, The adjacent Sertoli cells in 
each seminiferous tubule form Sertoli-Sertoli junctions (tight junctions, Brokelman, 1963; 
Flickinger and Fawcett, 1967; Nicander, 1967; Rosas, 1970) close to the basement membrane, 
which divides each seminiferous tubule into two compartments; the basal compartment and 
the adluminal compartment (Banks, 1986). More importantly, Sertoli-Sertoli cell junctions 
form the blood-testis barrier to protect the developing germ cells  (Dym, 1973; Setchell and 
Waites, 1975). The basement membrane and the associated myoid cells of the seminiferous 
tubules contributes to the blood-testis barrier to a lesser extent (Dym and Fawcett, 1970; 
Fawcett et al., 1970). Sertoli cells function as ‘nurse’ cells for the developing germ cells; they 
provide nutrition and hormones (androgens) required for spermatogenesis, which is the  
process of producing sperm from spermatogonia. Different species demonstrate different 
cellular associations during the cycle of the seminiferous epithelium; six stages in the human 
(Clermont, 1963), twelve stages in the  monkey (Clermont, 1969), and 14 stages in the rat 
(Leblond and Clermont, 1952) 
Sertoli cells produce tubular fluid (Setchell and Waites, 1975). They transport and maintain a 
high concentration of androgens in the seminiferous tubules and secrete androgen binding 
protein (ABP; French and Ritzen, 1973) and the hormone inhibin (de Kretser et al., 2002), 
which are important in maintaining spermatogenesis. Also, it serves as a phagocytic cell to 
recycle residual bodies that arise as a byproduct of spermatogenesis (Lacy. 1967). It is also 
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reported that Sertoli cells have a significant role in the process of spermiation, i.e. release of 
sperm into the seminiferous tubular lumen (Sapsford and Rae, 1968; Fawcett and Phillips, 
1969). It is also important to document that the testicular size and sperm producing capacity 
of a testis is positively correlated with the number of Sertoli cells in the testis (Berndtson et 
al., 1987; Moura et al., 2011).  
 
Fig. 1. A representative light micrograph of an adult dog testsis to show general 
organization of the testis parenchyma. LC=Leydig cells in the testis interstitium, 
ST=seminiferous tubules, B-basement membrane, S=nucleua of a Sertoli cell, 
SG=spermatogonia, PS=primary spermatocytes, ES=elongated spermatids. 
3.2 Testis interstitium  
The testis interstitium can be considered as the skeletal frame work of the testis and is 
approximately 8-10% of the adult testicular parenchyma (Mendis-Handagama et 1987, 1988, 
1990). Leydig cells reside in the testis interstitium (Figure 1). Among species, variations are 
seen in Leydig cell number, size,  morphological characteristics and their relationship to 
blood vessels and other surrounding structures; these are unique to each species (Fawcett et 
al., 1973) and will not be discussed in this review. Luteinizing hormone (LH) produced by 
the gonadotrophs of the anterior pituitary gland, is considered as the primary regulator of 
Leydig cell structure and function in the adult testis. 
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It is universally accepted that Leydig cells, which were first discovered in 1850 by Franz 
Leydig as large polygedral cells, are the source of androgens. Bouin and Ansel (1903) are 
credited with the concept that the primary androgen secreted by the testis is testosterone. In 
1929, Gallagher and Koch also showed that the primary androgenic hormone secreted by 
the adult tests is testosterone. Later, Christensen and Mason (1965)  and Hall et al., (1969), 
demonstrated that the principal site of testosterone synthesis in the testis is Leydig cells. 
Although the testosterone production by the Leydig cells is greatly influenced by the 
environment of the testis interstitium, this review will be primarily focused on Leydig cells. 
The volume percentage (2-6%), the absolute volume (depends on the testis size), number (2-
4500x106) and the size (1500-3000µm) of Leydig cells in the adult testis varies among species 
(Kaler and Neaves, 1978; Mori and Christensen, 1980; Mori et al., 1980; Johnson and Neaves, 
1981; Mori et al., 1982; Mendis-Handagama et al., 1987, 1988 and 1990). The steroidogenic 
enzyme 3β- hyroxy steroid dehydrogenase (3βHSD) was exclusively localized 
histochemically in Leydig cells of mice (Baillie, 1964) , the rat (Levy et al , 1959) and in many 
other mammalian species (Wattenburg, 1958) . At present 3βHSD is used as a marker for 
Leydig cells  (Ariyaratne and Mendis-Handagama, 2000; Ariyaratne et al., 2000a-d; Figure 
2). Moreover, 11β-hydroxy steroid dehydrogenase 1 (11β-HSD1) is a marker for postnatally 
differentiated adult type Leydig cells, which is present as early as postnatal day 21 in the 
newly formed adult Leydig cells in the rat testis (Mendis-Handagamaet al., 1998; Figure 3) 
and will be discussed later in this review.  
 
Fig. 2. A representative light micrograph of a 7 day old rat testis. S=seminiferous cord, 
I=testis interstitium, The arrow with an asterisk (*) depicts a cluster of fetal Leydig cells 
immunulabeled for 3β-HSD.  
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4. General organization of the mammalian testis at birth 
4.1 Seminiferous cords 
At birth, tubular compartment of the testis does not contain a lumen and therefore, referred 
to as the seminiferous cords (Figure 4). These cords contain only two types of cells; the 
Sertoli cells, which are located on the basement membrane of the cord and the gonocytes 
(Figure 4). Sertoli cell nucleus is much smaller than the nuclei of gonocytes which are easily 
distinguishable from the Sertoli cells due to their large and circular appearance in section 
(Figure 4). 
During the postnatal growth of the testis, the immature Sertoli cells undergo cell 
proliferation, although at a steadily declining rate, until the adult Sertoli cell population is 
established. Studies on rats have shown that the migration of gonocytes to the basement 
membrane and become spermatogonia from that point onwards and the differentiation of 
spermatogonia to primary permatocytes in the neonatalprepubertal testis are associated 
with the restriction of Sertoli cell proliferation, but before the blood-testis barrier is formed 
(Vitale et al., 1973). Sertoli cell proliferation gives a stable population of Sertoli cells in the 
adult testis (Bishop and Walton, 1960; Attal and Courot, 1963; Sapsford, 1963). With the 
initiation of spermatogenesis occuring soon after birth in rodents and  at various later times 
in ruminants and primates, the immature Sertoli cells in the seminiferous cords undergo 
maturation and gain adult type Sertoli cells observed in the adult testis (Sapsford, 1963; 
Flickinger,and Fawcett, 1967; Vitale et al., 1973; Nagano and Suzuki, 1976; Ramos and Dym, 
1979). Sertoli cell maturation in the developing testis is also accompanied by formation of 
the blood-testis barrier (Vitale et al., 1973; Nagano and Suzuki, 1976; Ramos and Dym, 1979). 
4.2 Testis interstitium 
In this section of the review, the author focuses on the Leydig cells in the neonatal-
prepubertal testis interstitum. The fetal population of Leydig cells differentiate during the 
fetal life and is still present at birth (Figure 5) in all species studied to date (Lording and de 
Kretser, 1972; Mendis-Handagama et al., 1987; Kerr and Knell, 1988; Chemes, 1996;  
Ariyaratne and Mendis-Handagama, 2000; O’Shaughnessy et al., 2002, 2003 ) and continue 
to be present in the postnatal testis in rodents studied to date (Kerr and Knell, 1988;  
Ariyaratne and Mendis-Handagama, 2000; O’Shaughnessy et al., 2002, 2003). However, in 
humans, it is reported that fetal Leydig cells undergo cell atrophy postnatally (Chemes, 
1996). 
Leydig cells in the adult testis, which are identified as the mature adult Leydig cells are 
differentiated postnatally during the neonatal pre-pubertal period (Roosen-Runge and 
Anderson, 1959; Mancini et al., 1963; Niemi and Kormano, 1964; Baillie, 1964; Lording and 
de Kretser, 1972; Mendis-Handagama et. al., 1987; Ariyaratne et al., 2000d) from the 
peritubular mesenchymal cells (Figure 6), which are the stem cells of adult Leydig cells. The 
peritubular mesenchymal stem cells differentiate  through a series of cell stages in the 
Leydig cell lineage (progenitor cells, newly formed adult Leydig cells, immature adult 
Leydig cells) and become the mature adult Leydig cells (Figure 6). In this differentiation 
process, a spindle-shaped peritubular mesenchymal cell, which does not have the 
steroidogenic potential, gradually achieve appropriate enzymes and receptors for steroid 
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hormone biosynthesis and steroidogenic potential and finally become a large polyhedral 
mature adult Leydig cells (Figure 6); a non-steroidogenic mesenchymal stem cell gaining the 
steroidogenic status, e.g. gaining 3β -HSD enzyme activity can be visualized by performing 
immunocytochemistry (Figure 7).   
 
Fig. 3. Representative light micrographs to show the presence and absence of Leydig cells 
immunolabeled for 11β-HSD1 (marker for adult Leyidig cells) immunocytochemistry in 
testis interstitium of 21-day-old rats. (a)  Low power micrographs of a hypothyroid  rat 
where 11β-HSD1 positive cells are absent (bar=5.38µm) and (b) a control rat where 11β-
HSD1 positive cells (newly formed adult Leydig cells are present  ( bar= 5.38µm).  
(c) A higher-power view of the region located by the arrow in b. of a 21-day-old control rat I, 
Seminiferous tubule diameter is much reduced in the PTU/hypothyroid rat testis shown in 
(a). Bar= 5.12 µm. (Used  with permission from the publisher,  Mendis-Handagama et al., 
1998, Biol. Reprod.59: 351-357. 
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Fig. 4. Representative high power  light micrograph of a I day old rat testis immunolabeled 
for anti-Mullerian hormone (brown stain) .SC=seminiferous cords, G=Gonoctes/Germ cells,, 
S=nuclei of Sertoli cells, (Used with permisiion from the publisher, Mendis-Handagama et 
al., 2008,  Histology and Histopathology, 23:151-156, Figure modified). 
 
Fig. 5. Representative light micrograph to demonstrate fetal Leydig cells (FLC) in a 1 day old 
rat testis. L=cytoplasmic lipid droplets in fetal Leydig cells. B=basement membrane 
components surrounding a fetal Leydig cell cluster, a characteristic feature associated with 
fetal Leydig cells. 
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Fig. 6. Schematic diagram of Leydig cell lineage. (used with permission from the publisher, 
Mendis-Handagama and Ariyaratne, 2001, Biol.Reprod. 65:660-671). The stem cells for 
Leydig cells are the mesenchymal cells in the testis intersitium, which are spindle-shaped 
and non-steroidogenic. They first differentiate into progenitor cells, which are also spindle-
shaped, but possess few steroidogenic enzymes (e.g. 3-HSD) and LH receptors. Thyroid 
hormone is critical to stimulate the mesenchymal cells to differentiate into the progenitor 
cells (the first step in Leydig cell differentiation) to begin the process of Leydig cell 
differentiation. Progenitor cells differentiate into mature adult Leydig cells through stages of 
newly formed adult Leydig cells and immature adult Leydig cells, respectively. (Used with 
permisiion from the publisher, Mendis-Handagama and Ariyaratne, 2001, Biol. Reprod. 
65:660-671.). 
5. Thyroid hormone action on the neonatal-prepubertal testis 
Until recent years, little was known about the effects of thyroid hormones on the neonatal-
prepubertal testis development.  In many investigations on the effect of neonatl-prepubertal  
hypothyroidism, the hypothyroid status was insduced in the experimental animals 
immediately after birth by feeding their lactating mothers the reversible goitrogen, 6-n-
propyl-2-thiouracil (PTU),  0.1% (w/v; Cooke et al., 1991, 1992; Mendis-Handgama et al., 
1998; Teerds et al., 1998; Ariyaratne et al., 2000a).) or  0.05%(w/v) methimazole (Antony et 
al., 1995; Maran et al., 1999) in their drinking water until the pups were weaned on day 21. 
5.1 Leydig cells 
In mammalian species studied to date, the adult Leydig cells are absent at birth.   Therefore, 
the fetal Leydig cells are the only source of testicular androgens at this age, which is 
primarily testosterone. In control euthyroid (normal thyroid hormone levels) rats, adult type 
Leydig cells are observed as early as postnatal day 10 (Mendis-Handagama et al., 1987) and 
concomitantly increase in number (Mendis-Handagama et al., 1987). This is in addition to 
the fetal Leydig cells  already present in the postnatal testis. From birth to 21days, fetal 
Leydig cell number in the normal rat testis do not change (Mendis-Handgama et al., 
1987,1998; Ariyaratne and Mendis-Handagama, 2000). They could be differentially 
identified from the postnatally differentiated adult type Leydig cells using their morphology 
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(Mendis-Handgama et al., 1987,1998; Ariyaratne and Mendis-Handagama, 2000) and using 
11β-HSD1 immunocytochemistry, as early as postnatal day 21 in the rat (Mendis-Handgama 
et al., 1998; Figure 8). These newly formed adult type Leydig cells primarily secrete 
androstenedione. 
 
Fig. 7. Representative light micrographs from a 10 day old rat testis immunolabeled for 3-
HSD (shown in brown color) and demonstrate early steps in Leydig cell differentiation. 
With thyroid hormone stimulation, mesenchymal cells (arrow heads) in the periphery of the 
seminiferous tubules (S) differentiate into progenitor cells (arrows in Figures A,and B), 
which are still spindle-shaped; with the progression of their differentiation towards the 
newly formed adult Leydig cells, they become rounder in shape (compare cells depicted by 
arrows  in Figures A and B, with A) and move gradually away from the peritubular region 
towards the central part of the testis interstitium. (used with permission from the publisher, 
Ariyaratne et al., 2000, Biol.  63:165-171., figure modified). 
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Postnatal Leydig cell differentiation in the neonatal-prepubertal testis is arrested with 
hypothyroidism (Mendis-Handgama et al., 1998; Teerds et al., 1998; Ariyaratne et al., 2000a) 
and therefore, these testes do not contain newly formed adult Leydig cells, evident by the 
absence of 11β-HSD1 labeled cells in their testes interstium (Figures 8c and f) in contrast to 
age-matching euthyroid rats (Figures 8a and d, respectively); they show 11β-HSD1 labeled 
Leydig from postnatal day 21 (Figure 8a).From birth to postnatal day 21, testes of 
hypothyroid rats contain only the fetal Leydig cells, which are fully functional, evident from 
their morphology and testosterone secretory capacity (Mendis-Handgama et al., 1998; 
Ariyaratne et al., 2000a)  Additionally, an increased number of mesenchymal stem cells are 
also generated in the  hypothyroid rat testes (Mendis-Handagama et al., 1998; Ariyaratne et 
al., 2000a). The fetal Leydig cells in control rats show cell atrophy on postnatal day 21 
(Mendis-Handagama et al., 1987 and 1998; Ariyaratne and Mendis-Handagama, 2000), 
which is not seen  in the 21day old hypothyroid rats  (Mendis-Handagama et al., 1998), 
suggesting that the fetal Leydig cells in the neonatal-prepubertal testis do not regress under 
a hypothyroid status up to 21 postnatal day. Therefore, serum testosterone levels in these 
neonatal-prepubertal hypothyroid rats are maintained similar to the control rats up to this 
age, although the total number of Leydig cells in these rats are significantly lower compared 
to the age-matching control rats. This is because that the testosterone-producing capacity 
per fetal leydig cells at neonatal ages is significantly greater than the adult Leydig cells, even 
at day 90 (Tapanainenet al., 1984; Huhtaniemi et al., 1982). Control 21day old rats have 
shown greater serum androstenedione levels than their age-matching hypothyroid rats 
(Mendis-Handgama et al., 1998) indicating the greater numbers of newly formed adult 
Leydig cells in those testes. Absence of newly formed adult Leydig cells. 
In testes of 21 day old hypothyroid rats agrees favorably with their lower levels of serum 
androstenedione (Mendis-Handgama et al., 1998).  
When the hypothyroid status is extended beyond postnatal day 21 in the rat, fetal Leydig 
cells  undergo cell atrophy together with the absence of newly formed adult Leydig cells in 
their testis interstitium, evident by the  absence of cells labeled for 11β-HSD1 in the testis 
interstitium, the marker for adult Leydig cells (Figures 8c and f). By contrast, when 
hypothyroid status is stopped at postnatal day 21, newly formed adult Leydig cells are still 
absent on postnatal day 28, but present at day 40 (Figures 8b and c),  greater in number 
compared to age-matching control/normal rats (Figures 8a and d). However, although these 
newly formed adult Leydig cells are greater in number (Figure 9a) they are smaller in size 
than their age-matching controls (Figure 9b). When prolonging the hypothyroid status from 
day 21 to day 40, testicular testosterone and androstenedione secretory capacity is also 
diminished (Mendis-Handagama and Ariyaratne, 2004; Figures 9c and d)  and could be 
attributed to the fact that the regression of the fetal Leydig cells and arrest in the 
differentiation of adult Leydig cells with extended hypothyroidism in these rats. 
When the hypothyroid status is discontinued at weaning of the pups at day 21 and raise 
them under euthyroid conditions until adult hood, which is referred to as transient neonatal 
hypothyroidism, the adult testis size of these rats become extremely larger (Cooke et al., 
1991, 1992; Meisami et al., 1992; Mendis-Handagama and Sharma, 1994) and contain  twice 
the number of Leydig cells per testis compared to the age-matching untreated controls   
(Mendis-Handagama and Sharma, 1994). However, these Leydig cells in the adult testes of 
the transiently hypothyroid  rats are smaller in size and has 50% of  testosterone secretory 
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capacity (Mendis-Handagama and Sharma, 1994).Nevertheless, the testosterone secretory 
capacity per testis is maintained in these transiently hypothyroid rats at adulthood, because 
of doubling of the Leydig cell number per testis  (Mendis-Handagama and Sharma, 1994). 
This is because, in rats subjected to neonatal hypothyroidism from birth to 21 days of 
postnatal age accumulate an abundance of mesenchymal stem cells in their testes due to 
their proliferation but undifferentian to Leydig cells during the hypothyroid period. Thus, 
when the hypothyroid status is withdrawn at postnatal day 21, the inhibition of these 
mesenchymal stem cell differentiation to Leydig cells is ceased and therefore, they  begin to 
differentiate  and first appear in these testes interstitium at day 40 as newly formed Leydig 
cells (Figure 8e; Figure 9a) in significantly greater numbers than their age-matching 
euthyroid rats and continue to increase in number up to adulthood (i.e. 90days; Figure 9a). 
However, as stated before, these Leydig cells cells are smaller in size and capable of 
producing only 50% of testosterone secretory capacity per cell. However, they maintain the 
serum testosterone levels at adulthood because they are greater in number (Mendis-
Handagama and Sharma, 1994). 
 
Fig. 8. Representative micrographs to show 11bHSD1 immunocytochemistry in testes 
interstitium of 28 and 40 day old control rats (A and D), PTU-water rats/transiently 
hypothyroid  (B and E) and PTU/hypothyroid rats (C and F), respectively. 11bHSD1 
positive cells (i.e. newly formed adult Leydig cells; arrow) were present in control rats in 
few numbers at day 28 (a)and more at day 40 (D), were absent at day 28 (B), but present at 
day 40 (e) in PTU-water/transiently hypothyroid rats, and were absent in 
PTU/hypothyroid  rats at both days (C and F). Seminiferous tubule (S) diameter is much 
reduced in he PTU/hypothyroid rats compared to the other two groups. Interstitium of the 
testis. Bar=35 µm..(used with permission from the publisher, Mendis-Handagama and 
Ariyaratne 2004, Archives of Andrology  50:347-357) 
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Continuous exposure of lactating mothers to polychlorinated biphenyls  results in  
significant effects on Leydig cells structure and function in the adult offspring males: Leydig 
cells hypotrophy and reduced capacity to produce testosterone in vitro in response to 
luteinizing hormone stimulation (Kim et al., 2000). It is reported that polychlorinated 
biphenyls disrupt the thyroid gland function in humans (Langer et al., 1998; Cheek et al., 
1999; Nagayama et al., 1998) and in many other mammalian species, e.g. the rat (Collins, 
1980; Saeed and Hansen 1985; 
 
Fig. 9. Control rats—open circles, PTU-water rats/transiently hypothyroid—triangles, 
PTU/hypothyroid rats—filled circles. (a) The number of adult Leydig cells (ALC)  per testis 
in control rats and PTU-water/transiently hypothyroid rats, ALC were first detected at day 
14 in few numbers in control rats. In PTU/hypothyroid rats the ALC were absent, In PTU-
water/transiently hypothyroid  rats few were seen at day 28,but increase numbers were 
seen at day 40 onwards. (b) Average volume of an ALC. (c) LH-stimulated (LH, 100 ng per 
ml) testosterone production per testis in vitro for three hours. (d) LH-stimulated (LH, 100 ng 
per ml) androstenedione production per testis in vitro for three hours. (used with 
permission from the publisher, Mendis-Handagama and Ariyaratne, 2004, Archives of 
Andrology 50:347-357) 
Ness et al., 1993; Cooke et al., 1996; Kato et al., 1998 and 1999; Desaulniers et al., 1999) and 
the grey seal (Wolstad and Jensen, 1999). Based on the observations of Cooke et. al (1996) 
and Kim et al. (2000), it appears that polychlorinated biphenyl exposure during the neonatal 
period  has subjected these rats to undergo a transient hypothyroid status, which has caused 
an interference in the normal process of Leydig cell differentiation in the developing testis 
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and produce a defect in the steroidogenic function of the Leydig cells in the adult. 
Moreover, it is important to note that in neonatal Syrian hamsters, Leydig cells 
differentiation is arrested with experimental exposure to extreme darkness (Hance at al., 
2009), which causes low levels of thyroid hormones. This finding agrees favorably with the 
concept that mesenchymal stem cell differentiation into Leydig cells is arrested under low 
levels of thyroid hormones. Therefore, neonatal-prepubertal testes of these hamsters do not 
show peritubular mesenchymal stem cell differentiation into progenitor cells and newly 
formed adult Leydig cells in the prepubertal testes, in contrast to euthyroid control 
hamsters; they contain only the fetal Leydig cells (Figure 10). 
    
Fig. 10. Representative light micrographs of hamster testis of (A) 14hours of light and  
(B) 1 hour of light exposed hamsters, immunolabeled for 3ß-HSD. S=seminiferous 
tubules,I=testis interstitium, Bar=20μm for both A and B; same magnification).A. Single 
arrow depicts a newly formed adult Leydig cell  positive for 3ß-HSD in a14 hours of light 
exposed hamster testis. Arrows with asterisks (*) depict Leydig progenitor cells, which are 
spindle-shaped cells located at the peritubular region and are positive for 3ß-HSD. Their 
presence indicates that Leydig cell differentiation is occurring in testes of these hamsters. 
Leydig stem cells / mesenchymal cells (M) are negative for 3ß-HSD. B. Single arrowdepicts  
fetal Leydig cells in a 1 hour of light  exposed  hamster testis. They are primarily observed in 
clusters surrounded by basement membrane components (arrow head).Leydig cell 
progenitors (Spindle-shaped cells located at the peritubularregion and positive for 3ß-HSD) 
were absent in 1L hamster testis.Leydig stem cells / mesenchymal cells (M) are negative for 
3ß-HSD. (Hance et al., 2009,  Histology and Histopathology,24: 1417-1424) 
5.2 Seminiferous tubules 
Hypothyroidism induced in new born male rats up to postnatal day 60 has shown reduced 
diameter of seminiferous tubules, arrest in proliferation and differentiation of germ cells, 
reduction in number of germ cells and plasma testosterone levels, estradiol and sex hormone 
binding globulins (Maran and Aruldhas, 2002), which are essential for normal testicular 
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development. Transient neonatal-prepubertal hypothyroidism in rats causes significantly 
reduced body weight (Figure 11a) and significantly increased testis weight at adulthood, i.e. at 
90days (Figure 11b; Mendis-Handagama and Ariyaratne, 2004; Lagu et al.,2005). 
 
(a) 
 
(b) 
Fig. 11. (a) Body weights of control, PTU/hypothyroid and PTU-water treated/transiently 
hypothyroid rats. (b) Testis weights of control, PTU/hypothyroid and PTU-water 
treated/transiently hypothyroid rats. Mean+SE (n=5 rats per group). Asterisks (*) depict 
significant differences (P<0.05) from the control value at each age. (used with permission 
from the publisher, Mendis-Handagama and Ariyaratne, 2004, Archives of Andrology 
50:347-357) 
This increase in testis weight following transient neonatal hypothyroidism in these rats is 
due to the increase in number of Sertoli cells and germ cells (van Haaster et al., 1993; de 
Franca et al., 1995; Maran et al., 1999). van Haaster et al. (1993) showed  that neonatal 
hypothyroidism in Wistar rats (from birth up to postnatal day 26) retards the morphological 
differentiation of Sertoli cells, prolongs their immature status and proliferation of these cells 
up to postnatal day 30. Sertoli cell numbers per testis in these hypothyroid rats determined 
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at day 36, were increased compared to controls. These findings revealed that neonatal-
prepubertal hypothyroidism delays maturation of Sertoli cells (van Haaster et al., 1993; de 
Franca et al., 1995) and extend their period of proliferation, which increase their numbers. 
Therefore, this  increase in the number of Sertoli cells per testis in the transiently 
hypothyroid rats produces larger testes at adulthood (Meisami et al.,  1992; Mendis-
Handagama and Sharma, 1994). This increase in the number of Sertoli cells in the adult rats 
subjected to transient neonatal hypothyroidism is associated with increased daily 
production of sperm (Cooke et al.,1991, 1992). 
It is also being reported that neonatal hyperthyroidism causes opposite effects on testis 
development. However, because ‘hyperthyroidism’ is not relevant to the title of this chapter, 
it is not discussed further. 
6. Acknowledgements 
Partially funded by The Center of Excellence of The University of Tennessee and Alliance of 
Women Philanthropists. 
7. References 
Antony, F.F., Aruldhas, M.M., Udhayakumar, R.C., Maran, R.R., Govindaraju, P. 1995. 
Antony, F.F., Aruldhas, M.M., Udhayakumar, R.C., Maran, R.R., Govindaraju, P. 
1995. Inhibition of Leydig cell activity in-vivo and in-vitro in hypothyroid rats. J. 
Endocrinol. 144: 293-300.Inhibition of Leydig cell activity in-vivo and in-vitro in 
hypothyroid rats. J. Endocrinol. 144: 293-300. 
Ariyaratne, H.B.S., Mendis-Handagama, S.L.M.C. 2000. Changes in structure and function of 
the testis interstitium in Sprague Dawley rats from birth to sexual maturity. 
Biol.Reprod. 62:680-690. 
Ariyaratne, H.B.S., Mason, J.I., Mendis-Handagama, S.L.M.C. 2000a. Effects of thyroid and 
luteinizing hormone on the onset of precursor cell differentiation into Leydig 
progenitor cells in the prepubertal rat testis. Biol. Reprod. 63:898-904. 
Ariyaratne, H.B.S., Mason, J.I., Mendis-Handagama, S.L.M.C. 2000b. Effects of thyroid 
hormone on Leydig cell regeneration in the adult rat following ethane dimethane 
sulphonate treatment. Biol. Reprod. 63:1115-1123. 
Ariyaratne, H.B.S., Mason, J.I., Mendis-Handagama, S.L.M.C. 2000c. Effects of 
triiodothyronine on testicular interstitial cells and androgen secretory capacity of 
the prepubertal rat. Biol. Reprod. 63:493-502. 
Ariyaratne, H.B.S., Mendis-Handagama, S.M.L.C, Hales, D.B., Mason, J.I. 2000d.Studies on 
the onset of Leydig precursor cell differentiation in the prepubertal rat testis. Biol. 
Reprod. 63:165-171. 
Attal, J., Courot M. 1963. Development testiculaireet establishment de la spermatogenese 
chez le taureau. Ann. Biol. Anim. Biochem. Biophys. 3:219-241. 
Baillie, A. H. 1964. Further observations on the growth and histochemistry of Leydig tissue 
in the postnatal prepubertal mouse testis. J. Anat. London 98:403-429. 
Berndtson, W.E., Igboeli, G., Pickett, B.W. 1987. Relationship of absolute numbers of Sertoli cells 
to testicular size and spermatogenesis in young beef bulls. J Anim Sci., 64:241-246. 
Banks, W.J. 1986. Male Reproductive System. In: Applied Veterinary Histology, Williams 
and Wilkins, pp 486-504. 
www.intechopen.com
 Neonatal-Prepubertal Hypothyroidism on Postnatal Testis Development 
 
225 
Bishop, M.W.H., Walton, A. Spermatogenesis and structure of mammalian spermatozoa. In 
Marshall’s Physiology of Reproduction. Vol. 1, London:Longmans Green1960, p1-29. 
Bouin, P., Ancel, P. 1903. Recherches sur les cellules interstitielles dutesticule des mamiferes. 
Arch. d. zool. exper. et. gen. ; 1:437-523. 
Brokelmann, J. 1963. Fine structure of germ cells and Sertoli cells during the cycle of the 
seminiferous epithelium in the rat. Z. Zellforsch.Mikroscopy.Anat. 58: 820-850.  
Cheek, A.O., Kow, K., Chen, J., McLachlan, J.A. 1999. Potential mechanisms of thyroid 
disruption in humans: interaction of organochlorine compounds with thyroid 
receptor, transthyretin, and thyroid biding globulin. Environ. Health Perspect. 
107:273-278.  
Chemes, H.E. Leydig cell development in humans. In: The Leydig Cell. Payne AH, Hardy 
MP. Russell LD. (editors), 1996; pg 175-202, Cache River Press, Vienna, IL, U.S.A. 
Christensen, A.K., Mason, V.R. 1965. Comparative ability of seminiferous tubules and 
interstitial tissue of rat testis to synthesize androgen from progesterone-4-14C in 
vitro. Endocrinology 76:646-656. 
Clermont, Y., 1963. The cycle of the seminiferou epithelium in man. Am.J. Anat. 112:35-45. 
Clermont, Y., 1969. Two classes of spermatogonial stem cells in the monkey (Cercopithercus 
aethiops). Am. J. Anat. 126:57-72. 
Collins, W.T. 1980. Fine structural lesions and hormonal alterations in thyroid glands of 
perinatal rats exposed in utero and by the milk to polychlorinated biphenyls. Am. J. 
Pathol. 99:125-142. 
Cooke, P.S., Hess, R.A., Porcelli, J., Meisami, E. 1991. increased sperm production in adult 
rats after transient neonatal hypothyroidism. Endocrinology 129:244-248. 
Cooke, P.S., Porcelli, J., Hess, R.A. 1992. Induction of increased testis growth and sperm 
production in adult rats by neonatal administration of the goitrogen 
propylthiouracil (PTU): the critical period. Biol Reprod. 46:146-154. 
Cooke, P.S., Zhao, Y.D., Hansen, L.G. 1996. Neonatal polycholrinated biphenyl treatment 
increases adult testis size and sperm production in the rat. Toxicol. Appl. 
Pharmacol. 136:112-117. 
Davis, J.R., Langford, G.A., Kirby, P.J. 1970. The testicular capsule. In: The Testis. Eds. A.D. 
Johnson, W.R. Gomes & N.L. Vandermark. Academic Press New York and London. 
281-337.  
De Franca, L.R., Hess, R.A., Cooke, P.S., Russell, L.D. 1995. Neonatal hypothyroidism causes 
delayed Sertoli cell maturation in rats treated with propylthiouracil: evidence that 
the Sertoli cell controls testis growth. Anat. Rec. 242: 57-69. 
de Kretser, D.M., Hedger, M.P., Loveland, K.I., Phillips, D.J. 2002. Inhibins, activins and 
follistatin in reproduction. Hum Reprod Update. ;8:529-541. Review. 
Desaulniers, D., Leingartner, K., Wade, M., Fintelman, E., Yagminas, A., Foster, W.G. 1999. 
Effects of acute exposure to PCBs 126 and 153 on anterior pituitary and thyroid 
hormones and FSH isoforms in adult Sprague Dawley male rats. Toxicol. Sci. 
47:158-169. 
Dym, M., Fawcett, D.W. 1970. The blood-testis barrier in the rat and the physiological 
compartmentation of the seminiferous epithelium. Biol. Reprod. 3:308-325. 
Dym, M. 1973. The fine structure of the monkey (Macaca) Sertoli cell and its role in 
maintaining the blood-testis barrier. Anat. Rec.175:639-656. 
Fawcett, D.W., Leak, L.V., Heidger, P.N. 1969. Electron micrographic observations on the 
structure of the bloodp-testis barrier. J.Rep.and Fert. Suppl.10: 105-122.  
www.intechopen.com
 A New Look at Hypothyroidism 
 
226 
Fawcett, D.W., Phillips, D.M. 1969. Onservations on the release of spermatozoa and the 
changes in the head during passage through the epididymis. J. Reprod. Fert.; Suppl. 
6: 405-418. 
Fawcett, D.W., Neaves, W.B., Flores, M.N. 1973. Comparative observations on intertubular 
lymphatics and the organization of the interstitial tissue of the mammalian testis. 
Biol. Reprod.; 9:500-532. 
Flickinger, C.J. Fawcett, D.W. 1967. The functional specialization of Sertoli cells in the 
seminiferous epithelium. Anat. Rec. 158:207-222. 
French, F.S., Ritzen. E.N. 1979. Androgen binding protein in efferent duct fluid of rat testis. 
J. Reprod. Fert.; 32:479-483. 
Gallagher, T.F., Koch, F.C. 1929. The testicular hormone. J. Biol. Chem. 84:495-500. 
Hall, P.F. 1970. Endocrinology of the testis. In:The Testis. Eds. A.D.Johnson, W.R. Gomes 
and N.L. Vandermark. Acad. Press New York. 1-71. 
Gudernatsch, J.F. 1912. Feeding experiments on tadpoles. 1. The influence of specific organs 
given as food on growth and differentiation. A contribution to the knowledge of 
organs with internal secretion. Wilhelm Roux Arch. 
Entwicklungsmech.Organismen 35:457-483. 
Huhtaniemi, I.T., Nozu, K., Warren, D.W., Dufau, M.L., Catt, K.J. 1982. Acquisition of 
regulatory mechanisms for gonadotropin receptors and steroidogenesis in the 
maturing rat testis. Endocrinology ; 111:1711–1720. 
Johnson, L. Neaves, W.B. 1981. Age related changes in the Leydig cell population, 
seminiferous tubules and sperm production in stallions. Biol. Reprod. 24:703-712. 
Kaler, L.W., Neaves, W.B. 1978. Attrition of the human Leydig cell population with 
advancing age. Anat. Rec. 192: 513-518. 
Kato, Y., Haraguchi, K., Shibahara, T., Masuda, Y., Kimura, R.  1998. Reduction of thyroid 
hormone levels by methylsulfonyl metabolites of polychlorinated biphenyl 
congeners in rats. Arch. Toxicol. 72:541-544. 
Kato, Y., Haraguchi, K., Shibahara, T., Yumoto, S., Masuda, Y., Kimura, R.  1999. Reduction 
of thyroid hormone levels by methylsulfonyl metabolites of  of tetra- and 
pentachlorinated biphenyls in male Sprague Dawley rats. Toxicol. Sci. 48:51-54. 
Kerr, J.B., Knell, C.M. 1988. The fate of fetal Leydig cells during the development of the fetal 
and postnatal rat testis. Development 103:535-544. 
Kim, I., Ariyaratne, H.B.S., Mendis-Handagama, S.L.M.C. 2000. Effects of continuous and 
intermittent exposure of lactating mothers to Aroclor 1242 on testicular 
steroidogenic function in the adult offspring. Tissue Cell 33:169-177. 
Lacy, D. 1967. The seminiferous tubules in mammala. Endevour; 26:100-109. 
Langer, P., Tajtakova, M., Fodor, G., Kocan, A., Bohov, P.., Michalek, J., Kreze, A. 1998. 
Increased thyroid volume and prevalence of thyroid disorders in an area heavily 
polluted by polychlorinated biphenyls. Eur. J.  Endocrinology 139:402-409. 
Lagu, S.K., Bhavsar, N.G., Sharma, R.K., Ramachandran, A.V. 2005. Neonatal 
hypothyroidism-induced changes in rat testis size. Dependence on temperature. 
Neuro. Endocrinol. Lett. 26:780-788. 
Leblond, C.F., Clermont, Y. 1952. Definition of the styages of the cycle of seminiferous  
epithelium in the rat. Ann. NY. Acad Sci. 55:545-573.. 
Levy, H., Deane, H., Rubin, B.I., 1959. Observations on steroid 3β-ol-dehydrogenase activity 
in tissues of intact and hypophysectomized rats. Endocrinology 65:932-943.   
Leydig, F. 1850. Zur Anatomie der mannlichen Geschlechtsorgane und Analdrusen der 
Saugetgiere. Z. wiss. Zool. 2:1-57. 
www.intechopen.com
 Neonatal-Prepubertal Hypothyroidism on Postnatal Testis Development 
 
227 
Lording, D.W., de Kretser, D.M. 1972. Comparative ultrastructural and histochemical 
studies of the interstitial cells of the rat testis during fetal and postnatal 
development. J. Reprod. Fert. 29:261-269. 
Mancini, R.E., Vilar, O., Lavieri, J.C., Andrada, J.A., Heinrich, J.J. 1963. Development of 
Leydig cells in the normal human testis. A cytological, cytochemical and 
quantitative study. Am. J. Anat. 112:203-214.  
Maran R.R., Sivakumar, R., Arunakaran, j., Ravisankar, B., Sidharthan, V., Jeyaraj, D.A., 
Arudhas, M.M. 1999.  Duration-dependent effect of transient neonatal 
hypothyroidism on sertoli and germ cell number, and plasma and testicular 
interstitial fluid androgen binding protein concentration.  Endocr. Res. 25:323-340. 
Maran R.R., Arudhas, M.M. 2002. Adverse effects of neonatal hypothyroidism on Wistar rat 
spermatogenesis. Endocr. Res. 28: 141-154. 
Mendis-Handagama, S.M.L.C., Risbridger, G.P., de Kretser, D.M. 1987.  Morphometric 
analysis of the components of the neonatal and adult rat testis interstitium. Int. J. 
Androl. 10:525-534.  
Mendis-Handagama, S.M.L.C., Zirkin, B.R., Ewing, L.L. 1988. Comparison of components of 
thetestis interstitium with testosterone secretion in  hamster, rat and guinea pig 
testes perfused invitro Am.J.Anat. 181:12-22. 
Mendis-Handagama, S.M.L.C., Kerr, J.B., de Kretser, D.M. 1990. Experimental 
cryptorchidism in the adult mouse I. Qualitative and quantitative light microscopic 
morphology. J.Andrology 11:539-547. 
Mendis-Handagama, S.M.L.C., Ariyaratne, H.B.S., Teunissen van Manan, K.R., Haupt, R.L. 
1998. Differentiation of adult Leydig cells in the neonatal rat testis is arrested by 
hypothyroidism. Biol.Reprod. 59: 351-357. 
Mendis-Handagama, S.L.M.C., Sharma, O.P. 1994. Effects of neonatal administration of the 
reversible goitrogen propylthiouracil on the testis interstitium in adult rats. J. 
Reprod. Fert. 100:85-92. 
Mendis-Handagama, S.L.M.C., Ariyaratne, H.B.S. 2001. Differentiation of the adult Leydig 
cell population in the postnatal testis. Biol. Reprod. 65:660-671. 
Mendis-Handagama, S.L.M.C., Ariyaratne, H.B.S. 2004. Prolonged and transient neonatal 
hypothyroidism on Leydig cell differentiation in the postnatal rat testis. Arch 
Androl. 50:347-357. 
Meisami, E., Sendera, T.J., Clay, L.B. 1992. Paradoxical hypertrophy and plasticity of the 
testis in rats recovering from early thyroid deficiency: growth study including 
effects of age and duration of hypothyroidism. J. Endocrinol. 135:495-505. 
Mori, H., Christensen, A.K. 1980. Morphometric analysis of Leydig cells in the normal rat 
testis. J. Cell Biol. 84: 340-354. 
Mori, H., Shimizu, D., Takeda, A., Takioka, Y., Fukunishi, R. 1980. Stereological analysis of 
Leydig cells in normal guinea pig testis. J. electr. Microsc. (Tokyo). 29:8-21. 
Mori, H., Shimizu, D., Fukunishi, R., Christensen, A.K. 1982. Morphometeric analysis of 
testicular Leydig cells in normal adult mice. Anat. Rec. 204:333-339. 
Moura, A.A., Souza, C.E., Erikson, B.H. 2011. Early prepubertal testis criteria, seminiferous 
epithelium and hormone concentrations as related to testicular development in 
beef bulls. Anim Reprod Sci., 124:39-47. Epub . 
Nagano, T., Suzuki, F. 1976. he postnatal development of the junctional complexes of the 
mouse Sertoli cells as revealed by freeze fracture. Anat. Rec.; 185: 403-418. 
Nagayama, J., Okamura, K., Iida, T., Hirakawa, H., Matsueds, T., Tsuji, H., Hasegawa, M., 
Sato, K., Ma, H.Y., Yanagawa, T., Igarashi, H., Fukushige, J., Watanabe, T. 1998. 
www.intechopen.com
 A New Look at Hypothyroidism 
 
228 
Postnatal exposure to chlorinated dioxins and related chemicals on thyroid 
hormone status in Japanese breast-fed infants. Chemosphere 37:1789-1793. 
Ness, D.K., Schantz, S.L., Moshtaghian, J., Hansen, L.G. 1993. Effects of perinatal exposure to 
specific PCB congeners on thyroid hormone concentrations and thyroid histology 
in the rat. Toxicol. Lett. 68:311-323. 
Nicander, L. 1967. An electron microscopical study of cell contacts in the seminiferous 
tubules of some mammals. Z. Zellforsch. Mikroscopy. Anat. 83: 375-397. 
Niemi, M., Kormano, M. 1964. Cell renewal in the interstitial tissue of postnatal prepubertal 
rat testis. Endocrinology 74:996-998. 
O’Shaugnessy, P.J,, Willerton, L, Baker ,P.J. 2002. Changes in Leydig cell gene expression 
during development in the mouse.Biol Reprod. 66;966-75. 
O'Shaughnessy, PJ., Fleming ,L.M., Jackson ,G,. Hochgeschwender, U., Reed ,P., Baker, P.J.. 
2003. Adrenocorticotropic hormone directly stimulates testosterone production by 
the fetal and neonatal mouse testis. Endocrinology 144:3279-3284. 
Ramos, A.S., Dym, M. 1979. Ultrastructural differentiation of rat Sertoli cells. Biol. Reprod.; 
21:909-922. 
Roosen-Runge, E.C., Anderson, A.D. 1959. The development of the interstitial cells in the 
testis of albino rat. Acta Anat. 37:125-137. 
Rosas, M.H. 1970. The Sertoli cell and the blood-testis barrier, an electronmicroscopic study. 
Advan. Androl. 1: 83-86. 
Saeed, A., Hansen, L.G. 1985. Morphometric changes in the prepubertal female rat thyroid 
gland following acute exposure to 2,2',4,4'-tetrachlorobiphenyl and Aroclor 1242. J. 
Toxicol. Environ. Heath. 51:503-513. 
Sapsford, C.S. 1963. The development of the Sertoli cell of the rat and mouse: its existence as 
a mononucleate unit. J. Anat.; 97: 225-238. 
Sapsford, C.S., Rae C.A. 1968. Sertoli cell-spermatids relationships: ultrastructural studies of 
the movements of the mature spermatids into the lumen of the seminiferous 
tubules. J. Anat.; 103: 214-215. 
Setchell, B.P., Waites, G.M.H. 1975. The blood-testis barrier. In:Handbooh of physiology, 
sect.7, volume 5, Male Reproductive System. Eds. D.W. Hamilton and F.G. Greeps. 
American Physiological Society, Washington, D.C. 142-172. 
Tapanainen J., Kuopio T., Pelliniemi L.J., Huhtaniemi, I. 1984. Rat testicular endogenous 
steroids and number of Leydig cells between the fetal period and sexual maturity. 
Biol. Reprod .31:1027–1035. 
Teerds, KJ., de Rooij, D.G., de Jong, F.H., van Haaster, L.H. 1998. Development of the adult 
Leydig cell population in the rat testis is affected by neonatal thyroid hormone 
levels. Biol. Reprod. 59:344-350. 
Vitale R., Fawcett, D.W., Dym, M. 1973. The normal development of the blood-testis barrier 
and the effects of  clomiphene and estrogen treatment. Anat. Rec. 1973, 176:333-344. 
Van Haster, L.H, De Jong , F.H, Docter, R., De Rooij, D.G. 1993. High neonatal 
triiodothyronine levels reduce the period of Sertoli cell proliferation and accelerate 
tubular lumen formation in the rat testis, and increase serum inhibin level. 
Endocrinology. 133: 755-760. 
Wattenburg, L.W. 1958. Microscopic histological demonstration of steroid-3β-ol 
dehydrogenase in tissue sections. J. Histochem. Cytochem. 6:225-232. 
Wolstad, S., Jensen, B.M. 1999. Thyroid hormones in grey seal pups (Halichoerus grypus). 
Comp. Biochem. Physiol. A. Mol. Integr-Physiol. 122:157-182. 
www.intechopen.com
A New Look at Hypothyroidism
Edited by Dr. Drahomira Springer
ISBN 978-953-51-0020-1
Hard cover, 256 pages
Publisher InTech
Published online 17, February, 2012
Published in print edition February, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Hypothyroidism is the most common thyroid disorder. It can cause a variety of changes in women's menstrual
periods, reduce their chances of becoming pregnant, as well as affect both the course of pregnancy and the
neuropsychological development of babies. During pregnancy there is a substantially increased need for
thyroid hormones and a substantial risk that a previously unnoticed, subclinical or latent hypothyroidism will
turn into overt hypothyroidism. The thyroid inflammation caused by the patient's own immune system may
form autoimmune thyroiditis (Hashimoto's thyroiditis). Congenital hypothyroidism (CH) occurs in approximately
1:2,000 to 1:4,000 newborns. Nearly all of the developed world countries currently practice newborn screening
to detect and treat congenital hypothyroidism in the first weeks of life. "A New Look at Hypothyroidism"
contains many important specifications and innovations for endocrine practice.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
S.M.L. Chamindrani Mendis-Handagama (2012). Neonatal-Prepubertal Hypothyroidism on Postnatal Testis
Development, A New Look at Hypothyroidism, Dr. Drahomira Springer (Ed.), ISBN: 978-953-51-0020-1,
InTech, Available from: http://www.intechopen.com/books/a-new-look-at-hypothyroidism/neonatal-prepubertal-
hypothyroidism-and-postnatal-testis-development
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
